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A pproximately 40% of Americans consume dietary supplements (1) . Reports from the Third National Health and Nutrition Examination Survey indicate that supplement users are more likely to be children between the ages of 1 and 5 years and middle-aged and older adults (2) . From 1994 to 2000, sales of supplements grew by 80% to an estimated $15.7 billion (3). Most studies on dietary supplements have focused on populations from specific geographic areas or used instruments with predetermined lists of supplements, thereby limiting scope of supplement intake assessment (4) (5) (6) (7) (8) . National nutrition monitoring surveys, like the Continuing Survey of Food Intakes by Individuals have been criticized for placing little emphasis on consumer use of dietary supplements (9) .
Reasons for supplement use include a wish to decrease susceptibility to disease, improve personal health, and avoid dietary deficiencies (10, 11) . Although some studies found that people using supplements generally have high total intakes of vitamins and minerals compared to nonusers of supplements, this has not been reported consistently (12) (13) (14) .
It is also unclear what the patterns of supplement intake are by age, sex, ethnicity, socioeconomic status, lifestyle traits, and biomedical traits (eg, smoking, body mass index [BMI] , and blood pressure). Although national surveys have documented supplement use among some minority groups, others have not been represented.
With Dietary Reference Intakes (DRIs) now established for many nutrients, nutritional adequacy is being viewed in a fresh light (15) . The DRIs define not only Adequate Intake (AI) levels but also Estimated Average Requirements (EARs), Recommended Dietary Allowances, and Upper Limits (ULs) for many nutrients, maximum daily intakes deemed safe (unlikely to increase risk of adverse effects) (16) (17) (18) (19) (20) . Little information is available about the relations between dietary supplement use and nutrient intake and adequacy/excess in middle-aged US adults. Also, little information is available on intake of the wide range of supplements of varying nutritional merit being purchased and ingested by Americans.
This report uses data from the International Population Study on Macronutrients and Blood Pressure (INTERMAP) to focus on two issues: use of vitamin-mineral and other supplements by middle-aged US men and women aged 40 to 59 years of diverse ethnic, socioeconomic, geographic, lifestyle, and biomedical backgrounds from eight population samples nationwide, and the influence of supplement use on total intakes and adequacy/excess.
METHODS
INTERMAP is an international, cross-sectional epidemiologic study of 4,680 men and women aged 40 to 59 years from 17 diverse population samples surveyed in 1997 to 1999 in Japan, the People's Republic of China, the United Kingdom, and the United States (about 275 persons per sample) (21) . The general aim is to clarify influences of multiple nutrients on blood pressure over and above established effects of sodium, potassium, alcohol, and BMI (21) . Four in-depth, 24-hour dietary recalls were completed during a 3-to 6-week period, with collection of detailed data on all foods, beverages, and dietary supplements consumed (22) . All procedures were conducted in accordance with INTERMAP protocols approved by the institutional review boards at each center and informed signed consents were received from all participants. This report focuses on dietary supplement intake among US participants. In the United States there were 2,195 participants (1,102 men and 1,093 women) from eight samples diverse in location, ethnicity, and socioeconomic status.
All dietary supplement data were obtained during dietary data collection. During the 24-hour dietary recall, all reported foods/beverages and selected supplements (mostly vitamins and minerals) were directly computerized by the interviewer using the Nutrition Data System (NDS) (version 29, 1996 , Nutrition Coordinating Center, University of Minnesota, Minneapolis). Intake by each participant of 104 nutrients from foods/beverages was computed (22) . Of the four 24-hour dietary recalls, two were done on consecutive days and then another two on consecutive days approximately 3 weeks later (window of 2 to 6 weeks). One recall day was designed to be immediately after the weekend or a day off to assess any possible variation in diet during days off. All recalls were collected in a standardized way by centrally trained and certified local interviewers, supervised by centrally trained and certified site nutritionists, the country nutritionist, and the international nutrition coordinator. Details on quality control of dietary data collection are published elsewhere (22) . Briefly, at each visit the interviewer asked the participant if he/she had taken any vitamins, minerals, tonics, or supplements. Supplements encompassed vitamin/mineral and other products purchased over the counter. If the reply was affirmative, a dietary supplement form was completed. The participant was also asked to bring to the next clinic visit all vitamin, mineral, and other supplements he/she was currently taking. For each dietary supplement, name, description, amount, and frequency of use were recorded for that day. After collecting the information, the interviewer reviewed with the participant each supplement reported, confirming name, unit, and dosage. In the United States, the interviewer then checked to see if the supplement was listed in NDS. If it was, this was noted on the form and the information was entered in the computer. If there was a supplement not in NDS, this was detailed on the form. A separate supplement ingredient form was completed for each supplement not in NDS, documenting its ingredients and dosage from the product label.
In NDS version 29 there were 60 nutrient codes for supplements encompassing specified quantities of mostly vitamins and minerals generally recognized as important nutritionally and meriting ingestion as supplements. For non-NDS dietary supplements, a separate computerized database was developed with all information from product labels entered on the supplement ingredient form. Non-NDS-listed supplements were often made up of materials of uncertain merit (herbals/botanicals, animal products, phospholipids, enzymes, as well as minerals and vitamins) were detailed in computer entries. Often for these supplements, no information was obtainable on ingredients and/or their amounts; this fact was also entered into the computer. Thus, comprehensive collection and computerization of both NDS and non-NDS supplements yielded detailed information on all supplements reported by participants during all four dietary recalls. For purposes of quality control, all data (100%) from supplement ingredient forms were reentered and checked. All revisions were documented. An additional, randomly selected 20% were reentered for a second time as a double check.
For analyses, participants were first dichotomized by use or nonuse of any supplement. Users were divided into users of NDS-listed supplements only and users of non-NDS-listed supplements (without or with concomitant use of NDS-listed supplements). NDS-listed supplements were composed almost exclusively of vitamins and minerals of known amounts. 2 analyses were performed to assess differences in supplement use by sex, age, education, ethnicity, and sample. Logistic regression was also done adjusted for age, sex, education, and sample to assess lifestyle and biomedical factors related to any, NDS-only, and non-NDS supplement use. To assess dietary adequacy, mean daily intakes from foods, supplements, and foods plus supplements for multiple nutrients were calculated for users and nonusers of supplements and compared with DRIs. Of the new DRI categories, EARs were used here for all micronutrients except calcium, for which only AIs are available (17, 18) .
The number of supplement users who reached ULs for selected micronutrients was also calculated using SAS version 8.0 (1999, SAS Institute, Inc, Cary, NC) for all analyses.
RESULTS
Of all 2,195 US INTERMAP participants, 1,136 (52%) reported use of dietary supplements; 640 (29%) used NDS-listed supplements only, 496 (23%) non-NDS-listed supplements. The latter encompassed 920 products with 1,009 specified ingredients; among these there were 294 brand-name products with unknown ingredients or amounts. Some of these products were proprietary formulas with listed ingredients but no amounts; proprietary blends stating only "proprietary protein blend" or "proprietary blend," without ingredients; supplements with no amounts for some ingredients; supplements with ingredients but no specific amounts per serving size; supplements with unit amounts that were uninterpretable (eg, 6ϫ8%); and supplements that just stated serving size as "one dose" without amounts. Some of the most frequently ingested herbal/botanical/other supplements included gingko biloba, ginseng, bioflavonoids, and phospholipids.
Relation of Demographic Characteristics to Supplement Use
There were significant differences in supplement use by sex, age, education, ethnicity, and sample (PϽ.001) for any dietary supplement use, NDS-listed dietary supplements only, and non-NDS-listed supplements (Table 1) . More women than men used supplements (56% vs 46%). In the 50-to 59-year age group, 56% used supplements; 48% in the 40-to 49-year age group used supplements. Of men, 23% reported consuming NDS-listed supplements only, 23% reported use of non-NDS-listed supplements; of women, 34% reported using NDS-listed supplements only, 22% reported use of non-NDS supplements. Similar patterns of NDS only and non-NDS-supplement use were observed by age. Asian Americans, primarily East Asians (282 of 318, mainly from the Japanese-American sample in Honolulu, HI) were the most frequent users of supplements (63%); Hispanic African Americans were the least frequent (39%) ( Table 1) . Use of NDS-listed supplements only ranged from 31% (Asian Americans and non-Hispanic white Americans) to 19% (Hispanic African Americans); use of non-NDS-listed supplements, from 32% (Asian Americans) to 14% (African Americans).
Use of supplements varied considerably across the eight samples (Table 1 ). The Honolulu, HI, sample of Japanese Americans reported the highest supplement use (67%); the Corpus Christi Hispanic-American sample reported the lowest (42%). Minneapolis, MN, participants were the highest users of NDS-listed supplements only (39%); Corpus-Christi non-Hispanic Americans were the lowest (21%). Honolulu, HI, participants were the highest users of non-NDS-listed supplements (36%); Baltimore, MD, the lowest (13%).
Relation of Lifestyle and Biomedical Traits, Disease Diagnoses, and Treatment Status to Supplement Use
In multiple logistic analyses controlled for age, sex, education, and sample, former smoking (compared to never smoking) was associated positively and significantly with any, NDS-only, and non-NDS supplement use, whereas the relationship of current smoking (vs nonsmoking) status was significantly inverse (Table 2) .
Overweight/obesity was associated with less frequent supplement use (Table 2) . BMI was also inversely related to NDS-only and non-NDS supplement use (Table 2) . Persons reporting consumption of a special diet were more likely to use supplements than others. Current drinkers (vs nondrinkers) tended to be more frequent supplement users, especially of NDS-listed supplements.
Persons with diagnosed diabetes or receiving antihypertensive drug treatment were more frequent consumers of supplements (Table 2 ). In contrast, among those with diagnosed heart disease or high blood pressure, there was an inverse association with NDS-only supplement use.
Vitamin Intakes from Foods, Supplements, and Foods Plus Supplements
The most commonly consumed vitamins from supplements were vitamins C, E, B-6, and B-12. For vitamins A and C, and niacin, average intakes from foods only exceeded EARs, but not for vitamin E and folate (Table 3) . Dietary intakes of vitamins from foods were on average higher among supplement users than nonusers for vitamin C and folate. Vitamins A, C, and E; niacin; and folate intakes were substantially higher from foods plus supplements than from foods alone (eg, total folate intake for female supplement users was 591 g/day, whereas from foods alone it was 269 g/day). Total intakes of vitamins among supplement users on average were considerably above 100% of EARs, whereas for nonusers they were below the EARs for vitamin E and folate. For supplement users of vitamins A, C, and E and niacin, total intakes were several-fold greater than the EARs. 
Mineral Intakes from Foods, Supplements, and Foods Plus Supplements
The most commonly consumed mineral from supplements was calcium (Table 3 ). For five (of the six) minerals (ie, phosphorus, iron, magnesium, selenium, and zinc) studied, average intake from food alone was as high or higher than the EARs, but average intake of calcium was less than the AI. Mean phosphorus and magnesium intakes from food were higher among users than nonusers of supplements. Among dietary supplement users, intakes of phosphorus, iron, magnesium, selenium, and zinc from foods plus supplements exceeded 100% of the EARs, but for calcium for older supplement users total intake was below AI.
Dietary Supplement Use and ULs of Intakes
A total of 202 participants had intakes of niacin from supplements that exceeded the UL (Table 4) . Niacin was the nutrient with the largest number of participants who consumed amounts greater than or equal to the UL. For 53, 34, and 29 participants, magnesium, zinc, and vitamin C ULs, respectively, were also reached or exceeded.
DISCUSSION
In the US INTERMAP study of middle-aged men and women, approximately half of US participants used supplements, of whom approximately half used non-NDSlisted supplements. Percentage of users varied by sex, age, ethnicity, years of education, geographic location, lifestyle characteristics, and health status. Women, older adults, Asian Americans, those with higher education, and former cigarette smokers were more likely to use supplements. There was a wide range in percentage users by ethnicity, and by population sample. Substantiating reports on increasing use of botanicals and other alternative supplements in the United States, sizeable proportions of INTERMAP participants used non-NDS supplements, 23% overall. Supplement users had mean total intakes-from foods plus supplements-of selenium, zinc, phosphorus, magnesium, vitamins C and E, niacin, and folate Ͼ100% of the EARs. For supplements such as vitamins E and C, supplement users had intakes from foods plus supplements that were Ͼ700% of the EARs. Some participants had intakes of nutrients from supplements alone that exceeded the ULs of safe intake. Some demographic patterns of supplement use observed in INTERMAP were similar to those of other studies; notably, by sex, age, and education (11, (23) (24) (25) (26) . Unlike other studies, we found that Asian Americans (mostly Japanese migrants to Hawaii) were the ethnic group with the greatest percentage of supplement use. In the third National Health and Nutrition Examination Survey, this proportion was highest for non-Hispanic white Americans compared with minority groups; Asian Americans were not identified as a separate ethnic group (1). In the Vitamins and Lifestyle Study (23) investigation of vitamin and mineral use, white people were the highest percent users among adults aged 50 to 75 years in western Washington, Asians the lowest. In apparent contrast to our finding. In the Vitamins and Lifestyle Study, Asian participants were from western Washington State; in our study, Asian participants were predominantly JapaneseAmericans from Hawaii. Like INTERMAP, the Multiethnic Cohort Study reported that Asian Americans mainly of Japanese ancestry were the highest proportion of supplement users compared to African Americans, native Hawaiians, and Latinos (26) .
Findings for some of the lifestyle factors, like smoking, were consistent with those of other studies. Current cigarette smokers reported less supplement use, reflecting commonality of their poorer health behaviors (5, 26) .
Although supplement use can enhance micronutrient intake, some participants were consuming amounts that were excessive when compared with dietary requirements.
Some studies report that supplement use is more common among those who classify themselves as being "healthy" than "not healthy" (8, 27) . We found a positive, nonsignificant association between any supplement use and presence of diabetes or stroke. The Beaver Dam Study (5) reported that middle-aged men with a history of heart disease were more likely to use a supplement than those without this history. The Vitamins and Lifestyle Study also found a higher proportion of respondents with medical conditions to be users of dietary supplements. In a review on use of dietary supplements, Halsted (28) comments that those with intractable chronic and fatal diseases tend to turn to herbal supplements more often than other patient groups. In the INTERMAP study, we did not collect information on factors motivating supplement use. The Vitamins and Lifestyle Study results reported that supplement consumers may be motivated to self-treatment (23) .
More people diagnosed with a disease or using prescription medication for hypertension/cardiovascular disease used NDS-listed supplements only than non-NDS-listed supplements. There are reports from several studies assessing intakes of specific supplements in relation to disease diagnosis (eg, antioxidants, folate, calcium, or vitamin D) (26, 29, 30) . People with a disease condition may be more likely to take a supplement with a research record than a herbal/botanical/nontraditional supplement with an uncertain or unknown influence on health (31) .
It has been stated that supplementation with a formulation that is close to 100% Daily Value can reduce prevalence of suboptimal micronutrient status, particularly among older adults (31) . However, if nutrient intake is already adequate, then it is questionable whether supplement use improves micronutrient profile (32) . The contribution of foods to micronutrient adequacy varies from one nutrient to another. In INTERMAP, we observed that intakes from foods only for some nutrients, especially among women, did not meet 100% of the EAR (eg, folate and vitamin E). Supplement use substantially increased amounts of these nutrients. For vitamin E, supplement use increased intake greatly (eg, intake from food alone among supplement users was 75% to 100% of the EARs and from supplements alone was Ͼ1,000% of the EAR).
Many participants in our study met 100% of the DRIs for some nutrients from food consumption alone. For phosphorus, niacin, and vitamin C, food alone provided an adequate intake meeting the EAR. Among such participants, benefit of supplement intake is undetermined. These data also confirm that meeting the DRIs by diet alone is possible.
Although supplement use can enhance micronutrient intake, some participants were consuming amounts that were excessive when compared with dietary requirements. Similar to results reported by Troppmann and colleagues (15) and Dwyer and colleagues (13), we identified almost 202 participants with niacin intakes Ն35 mg/day. The consistent reports of high niacin intake from supplements may reflect prescription of large doses of this supplement for lipid lowering (33) . There were a few other participants with intakes of other supplements that were greater than or equal to ULs, indicating possible adverse effects on health, including intakes of vitamin E Ն1,000 mg/day, calcium Ն2,500 mg/day, and magnesium Ն350 mg/day. ULs are set to relate to total intake from food and supplements. Megadosing of certain micronutrients from supplements alone is apparently occurring and merits attention.
One of the strengths of our study is the extensive data on non-NDS supplement use (ie, intake of supplements of questionable or unknown values). The INTERMAP level of non-NDS supplement use was higher than that reported by the Slone Survey of Americans, where 14% of the population took a herbal supplement in the preceding week (25) . There are few reports about intakes of herbal/ botanical supplements and health conditions (25, 34) .
One of the criticisms of dietary supplement data based on a single 24-hour recall is that micronutrient intake may be underestimated due to variations in supplement intake and due to recall errors. In INTERMAP we used four 24-hour recalls, thereby reducing this error.
Results from the INTERMAP study show that high proportions of middle-aged Americans from population samples across the country used dietary supplements in the late 1990s. These proportions varied by age, sex, ethnicity, education, geographic region, BMI, smoking habits, and medical status, as did types and amounts of supplements used. Supplement use sizably increased di-etary intakes of some micronutrients (eg, vitamins C and E), where amounts from supplements were several-fold greater than from foods. Sizeable proportions of these Americans-almost one quarter overall-reported use of supplements containing nonvitamin and nonmineral materials, sometimes not identifiable or quantifiable (ie, supplements of questionable value). Health care providers need to discuss dietary supplement use with patients, and vice versa. Our data underscore the importance of assessing dietary supplement use in diet-related research. These data also underscore the importance of increased attention by medical care and public health to amounts, types, and merits/problems of supplement use by the US population.
CONCLUSIONS
Dietetics and other health care professionals, including nutrition researchers, need to assess intakes of supplements, and use the findings in their work for public policy enhancement. Also, because use of dietary supplements can change nutrient intake dramatically, it is important that dietetics professionals assess dietary supplement intake.
